Urban expansion has been identified as a major cause of global climatic and environmental changes. Accurate and up-to- 
Introduction
Urbanization is increasing in both the developed and developing countries. However, rapid expansion of large cities, and the associated problems of unemployment, poverty, inadequate health, poor sanitation, urban slums and environmental degradation pose a formidable challenge in many developing countries of Africa and particularly Nigeria (Aina, 1992) . Lagos, the fastest growing city in West Africa (World Bank, 2004) , has witnessed rapid urban sprawl in recent times, annexing nearby villages and spreading fast into the neighbouring states. Urbanization in Lagos is virtually undocumented, "unbenchmarked" and uncontrolled; therefore adequate planning could not be made to prevent adverse consequences which this development could bring. As Lagos, the heart of Nigeria's national economy continues to expand; government is faced with challenges of making it sustainable to attract foreign investors so as to boost the national economy. This has led to the establishment of Lagos Megacity Development Agency (LMDA) by the Federal Government of Nigeria in collaboration with Lagos and Ogun state governments (Mabogunje, 2007) . To stem the trend of adverse consequences of urban development and make way for a sustainable development, there is the need for a holistic knowledge of the region's land decision activities and long term environmental impacts (Nwokoro and Dekolo, 2012) . This will include knowledge about the physical expansion in Lagos and the driving factors among other issues. The knowledge of principal driving factors of urban expansion will assist in the formulation of appropriate policy around the identified principal drivers for a sustainable development.
Attempts have been made in the past few years to study urban expansion in Lagos. Examples are Nwokoro and Dekolo (2012) , Ademola and Tarkashi (2007a) , Eyoh et al., (2012) , Okwuashi et al., (2009) , Onojeghuo and Onojeghuo (2013) and Barredo and Demicheli (2003) . However, all previous studies concentrated on Lagos metropolis. Additionally, only Ademola and Tarkashi (2007a) and Eyoh et al., (2012) studied the drivers of urban expansion within Lagos metropolis. However, new drivers of urban expansion would be required for consideration since the current study expands beyond Lagos metropolis. This could necessitate the collapse of some previously identified drivers and introduction of new ones in order to accommodate a moderate number of drivers.
Drivers of urban expansion can be divided into two broad classes: the proximate and the underlying causes (Lambin et al., 2003) . Proximate causes are the direct and local causes while underlying factors are regional or even global. There is however, a great level of interplay and interactions between these two classes. Meanwhile, these two classes can further be subdivided into six different types of drivers: the effects of the natural variability; population; spatial policy; proximate/economic causes; cultural factor; and economic factor" (Angel et al., 2005; Lambin et al., 2003 and Turner et al., 1995) . Drivers used for urban expansion studies are dependent on the purpose of study and the study area. Table 1 presents the different types of drivers used in some previous studies of urban expansion. Principal Components Analysis (PCA) is a statistical tool used for reducing the dimensionality of a data set (Hamidi and Ewing, 2014) . It is one of the most widely used methods for spatial data handling because of its simplicity and relative straightforward interpretation. The method is highly suitable when representing complex relationships among a large number of variables. It can be used to transform a set of correlated variables into orthogonal variables. According to Li and Yeh (2002) , the major goal of PCA is to reveal hidden structure in a data set. Therefore, PCA is useful for the following: (i) Identify how different variables work together to create the dynamics of the system; (ii) Reduce the dimensionality of the data; (iii) Decrease redundancy in the data; (iv) Filter some of the noise in the data; (v) Compress the data and (vi) Prepare the data for further analysis using other techniques. These capabilities will provide adequate information about principal drivers to contribute to the sustainable development of Lagos Megacity region. Therefore, the aim of this study is to analyze the many drivers of urban expansion from a four-epoch data using the PCA. The epochs are 1984, 2001, 2006 and 2013 which are epochs where cloud-free image data of the study area are available. 
Materials and Methods
The monitoring of changes in urban expansion would be highly relevant and useful when it is accompanied by the adequate understanding of the forces driving change processes (Chen et al, 2014; Geist and Lambin, 2001 ). This task could be expressed in a linear regression model, which links the response variables (e.g., urban expansion) during a certain interval of time with the changes in causal variables (e.g., human activities) in the corresponding interval of time and across a large number of localities (Shushu and Yong, 2014) . This study postulates a linear relationship between the response and causal variables which may be mathematically expressed as shown in Equation 1 (Lambin et al, 2003; Serneel and Lambin, 2001 ).
where: A = response variable (urban expansion)
= is a constant … = slopes of the effect variables on the causal variables e = random error component.
Multi-criteria approach to urban development studies (as used in this work) are usually achieved by using either distances or areas of urban expansion as the response variable (Duwal, 2013) . In this work, area of urban expansion was used as the response variable and it was obtained by subdividing the study area into 25 regular cells of 25km X 20km. This subdivision ( Figure 2 ) was done such that it largely agrees with Lagos administrative divisions; it considers the shape of the study area and allows opportunity to adequately capture data in each cell. Decision on the drivers to be included in a model depend on the purpose, extent, location and time of the study (Lambin, 1994) . For the purpose of this study, drivers of urban expansion were firstly identified from existing literature. These identified drivers were included in a field survey instrument which was administered to mostly land professionals. Responses from this survey informed the choice of drivers for this study. Therefore, fourteen (14) 
All the terms in Equation 2 are defined in Table 2 . 
Where, = 1 , 2 , … is a vector of weights and X is the vector of dependent variables.
The principal component is determined such that the overall variance of the resulting point is as large as possible. The weights must be calculated with the constraint that their sum of squares is one to prevent large variance of which could be as a result of large values of weights. According to Zou et al., (2006) , PCA determines so that
The correlation matrix of the variables can be given by Equation 6.
The problem therefore is to search for a unit vector i v so as to maximize the variance of in Equation
5
. The technique used for solving such vector space optimization problems involves the construction of a Lagrangian function (see Ayeni, 2001; Neter et al., 2005 and Lindsay, 2002) which results in Equation 7. =
Where is the Langrangian constant.
Multiplying
.
It is known from matrix algebra that any value of i  and i v for which Equations 7 and 8 has a solution are the maximum eigenvalue and the corresponding eigenvector of the correlation matrix C (Haiping et al., 2008) .
From the eigenvalues, decisions are taken on the components of lesser significance that might be ignored. Although information are lost by ignoring insignificant components, this is negligible if the eigenvalues are small (Lindsay, 2002) . There are three methods described in existing literature for determining meaningful components of an effect variable (Li and Yeh 2002) . These methods are:
(a) The Eigenvalue-one Criterion: In this approach, components with eigenvalue greater than one are considered to be meaningful to the response variable. Some researchers criticize this approach and argued that eigenvalue of one (1) and 0.9 are not significantly different, yet one would be retained and the other would be removed. They further argued that a component with percentage eigenvalue of not less than 1% could still be considered to be meaningful especially when all the components are less than 30 (Swan and Sandilands, 1995) .
(b) The Cumulative Variance:
In the cumulative variance approach, components that account for a cumulative percentage variance of at least 80% are considered meaningful to response variable. Other components with cumulative percentage variance of less than 80% are ignored.
(c) The Scree Test:
With the Scree test, the eigenvalues are plotted with associated components. The component at the sharp break of the graph and the ones before it, are considered meaningful. Sometimes, a scree plot will display several breaks, in such a situation, the last break before the graph levels up is considered meaningful (Dunteman, 1989) .
These three approaches were considered in this study and the outcome of each approach are discussed under Result section.
Data Acquisition
Image data were acquired from the Global Land Cover Facility (GLCF) of the University of Maryland, USA. Four epoch images were used in this study due to cloud cover limitation. Other data acquired for this study are as shown in Table 3 . Based on a priori knowledge of the study area and reconnaissance survey with additional information from previous researches in the study area, a classification scheme (after Anderson, 1976 ) was developed. The land use classifications scheme used in this study is contained in Table 4 . A satisfying and reliable supervised classification approach mostly adopted by many researchers is the Maximum Likelihood classification (Brito et al., 2006) and was used in this study. The outcomes of image processing are as presented in Figures 3a to 3d while the accuracy assessment report is presented in Table 5 . Accuracy assessment results show that the least overall accuracy is 85.77% and the least Kappa coefficient is 0.8132. Overall processing accuracy of 85% and above is considered suitable for urban expansion studies while a Kappa coefficient of 0.8 and above are interpreted as almost perfect accuracy (Anderson, 1976; Landis and Koch, 1977 and Eastman, 2009 ). Table 2 . For all CBD base functions, coordinates of waypoints along the major roads from the CBDs to points of expansion were acquired. Values of distance from road, distance from water and distance from security were estimated using coordinates of points of expansion and the nearest major road, waterbody and police station respectively. Population data was acquired from National Population Commission and the population values in each cell was estimated by identifying the population of enumeration localities in each cell. For GDP base function, ranking of Economic Activities (EA) used by Braimoh and Onishi (2007) based on the World Development Report (World Bank, 2004 ) was used to obtain GDP weight in each cell. Land value data published in Ukabam (2010) supported by additional field survey data were used in this study to estimate land value at each epoch while elevation data was obtained from the Shuttle Radar Topographic Mission (SRTM), acquired at regular interval of 500m 
Results and Discussions
The results of the PCA in this study are presented in Table 6 and Figures 5 and 6 . In PCA, the number of components extracted is equal to the number of components being analyzed (Hamidi and Ewing, 2014) . It therefore becomes necessary to decide how many of these components are truly meaningful to the response variable. In general, one would expect that the first few components will account for meaningful amount of variance. Using "eigenvalue-one criterion" in the present study, the components with eigenvalue higher than one are four ( From Table 6 , the cumulative percentage variance of 80% is on component four (GDP). These drivers are the same drivers included by the Eigenvalue one criterion.
The scree plot of the current analysis is as shown in Figure 5 . If the first large break in this plot is considered, then only Land Availability and Land Value would be retained in the model. However, the figure display four breaks (as highlighted in Figure 5 ). The last break before the plot levels is on the tenth component. If the last break before the level is considered, the tenth component would be considered significant to urban expansion. Incidentally, these ten drivers are the same drivers retained by percentage variance of 1% and above.
Finally, PCA compressed the fourteen drivers into three. The PCA compressed components are a set of new drivers derived from the initial drivers supplied for analysis. The compressed components are as presented in Figure 6 . From Figure 6 , Population, Economic data (GDP in this case) and Land value data could be compressed to one. The rest of the variables other than water area could be compressed to one while area of water remain as one component. It would be observed that the drivers retained by the Eigenvalue one criterion are present in each of the compressed component. However, Economic variable and Land Value both significant driver in the Eigenvalue one criterion are compressed to one component.
Three basic criteria for identifying drivers that are truly significant to response variable were examined. The Eigenvalue one criterion retained four drivers. These are: Land Availability, Land value, Area of Water and Economic variable. However, studies in existing literature (e.g. Abiodun et al., 2015) revealed that Land value is driven by Economic variable. This reason could justify the results of the compressed component presented in Figure 6 which revealed that urban expansion drivers in Greater Lagos could be addressed by three compressed components. These are "Factors of Economy", "Factors of Land" and "Factors of Water". The cumulative variance method included five drivers, which are the four drivers included by the Eigenvalue one criterion and Population. In the compressed components, Population is also included in the Economic variable. This is a justification of a common knowledge that man (Population) is the driver of economy. In a sustainable economy, higher population is expected to translate into higher work force and productivity. The scree plot criterion included two drivers at the first break of the graph. These drivers could be referred to as the principal components. Actually, the component with the highest Eigenvalue is considered as the principal component which in this case is Land availability, however, the number of principal components is the opinion of the researcher and the purpose of study. The two drivers under discussion here are somehow interrelated. The value of land would be higher at locations where there is less available land for development and vice-versa. These two drivers could therefore be treated together as the principal components of this study. The fourth break of the scree plot included ten drivers. The ten drivers accounted for a cumulative variance of 99.24%. (Table 6 ). It is evident from this result that the last four drivers are insignificant and could be excluded from a prediction model.
Conclusion
This paper examines fourteen drivers of urban expansion in Greater Lagos using the Principal Components Analysis (PCA). The following are the conclusions based on the results of the study.
i. Land Availability with the highest eigenvalue has been identified as the principal component. However, Land value, which sometimes could be a function of Land availability has the second highest eigenvalue could be addressed together with Land availability as the principal components for a holistic policy formulation. ii.
Three new drivers derived from the initial fourteen drivers by PCA are Economy, Land and Water. These three drivers could be used to derive a new model for urban expansion prediction or for the purpose of policy formulation. iii.
Four drivers (Distance from Ikeja, Distance from major roads, Distance from security and Elevation) out of the fourteen drivers considered could be completely ignored in urban expansion prediction in Greater Lagos because both eigenvalue and percentage eigenvalue are less than one.
Based on the results and discussions from this study, the following are the recommendations.
i. There is the need for land use reform in the study area in line with the principal drivers identified in this study to ensure sustainable urban expansion; ii.
